A simple extension of McMillan's mean-field model of the nematic-and smectic-A phases is reported. Specifically, terms proportional to fourth-order I.egendre polynomials are included in the mean field. For a reasonable range of parameter choices this mean field can restrict the most probable directions of the long axis of a molecule in a smectic layer to a cone with the axis of the cone parallel to the optic axis. This result is related to recent quadrupole-magnetic-resonance observations of molecular order, and also to xray experiments which find that the repeat distance of the smectic layers is less than the all-trans length of the molecule. Finally, a possible connection to recent theories of the smectic-A -smectic-C transition is pointed out.
I. INTRODUCTION
In most theories of uniaxial smectic-A liquid crystals, it is assumed to be energetically favorable for the long axes of the rodlike molecules to lie perpendicular to the planes of the layer structure. ' Experimentally, it is well known that the optical axis, defining the equilibrium direction no i I no I = Il is par»lel « the w»e~ector qi I q I =2m/d, where d is the lattice constant) of the one-dimensional smectic-A lattice. However, this experimental observation does not necessarily justify the assumption that the molecules prefer to oricrlt perpendicular to thc 1RycI's. Recent x-ray studies have corroborated earlier rneasurernents ' of lattice constants in smectics A. These measurements indicate that in all of the compounds examined, the layer sparing d is roughly 5 to 20 percent less than the all-trans length (l) of the molecule under consideration.
The above experimental result (d/I g 1) has been interpreted in four ways:
(1) The molecules are tilted on the average with respect to the local director n and are disposed in each layer to allow uniaxia1 symmetry around 5, 9, 11, 12 (2) The end chains of the molecules interdigitate or overlap in such a manner to reduce d. ' (3) Thermally generated gauche rotations or kinks in the hydrocarbon chain act to reduce the average length of the molecule and therefore d.
(4) Some combination of (1) through (3) .
%e might expect cAects (2) and (3) The parameter 5 measures the strength of the purely translational part of U1 compared to a022 ( --a 122). The parameter e controls the total P4(x) contribution to U1 relative to the P2(x) contribution, and y is nonzero when the two-particle interactions depending on the orientation of the vector joining the molecules are included in the mean field. We restrict our parameter ranges tõ e~~1, -0.2 & 5 g 0.5, and y=0 or 1.
In Eq. (3) The inclusion of these terms in U1, besides increasing the number of parameters, does not significantly alter the following discussion. Wc therefore omit them. The first term has been included in the theory of smectics A by Schroeder 0 and by Senbetu and Woo. ' We mant to find the extrema of the mean-field distribution function p(z, x) as a function of x.
Writing Eq. (3) as
+ q 12cos(qz)+ yeq 14cos(qz), 1(» = &[rloe+ 1'2102 +2114cos(qz)+y21, 2cos(qz)] .
Using Eq. (4) (Pz(x) ). ' III. NUMERICAL RESULTS of the isotropic (g» --0), nematic (go"+0, q~"--0), and smectic (q""+0)phases. The phase with the minimum free energy is the most stable.
Fo is the free energy of the background degrees of freedom (e.g. , hard-core interactions). To a good approximation, Fo depends linearly on temperature so that, in writing dd', a constant volume constraint is implicitly assumed.
Four cases are considered.
(1) y=5=e=O; this gives McMillan's' The discontinuity of t)pp= (P2(x) ) at the N-I transition (rlpT"') decreases as~e~increases (e &0). ' If e=O, gp 
